This paper examines the cogging torque of permanent magnet (PM) motors resulting from the asymmetry property of the magnetic poles. Starting from the theoretical analysis of the motor internal magnetic energy, we indicate that the pulsation number per revolution of the above-mentioned cogging torque component can be expressed as the multiple of the number of slots Z st . The conditions that the above-mentioned cogging torque component is generated are shown. It depends on the relationship between the spatial order of MMF distribution function and the motor design parameters; the number of poles 2p and the number of slots Z st , here p is the number of pole pair. The specific conditions for the MMF spatial distribution function are shown for seven typical motors, each of which has different pole/slot ratio.
We propose a motor quality prediction method from the viewpoint of the cogging torque before the rotor is set into the stator. The magnetic flux density around the rotor set in the open space B s (ϕ) is measured as a function of circumferential position ϕ, its squared value B 2 s (ϕ) is componential analyzed by DFT, and the amplitude of the (k · Z st /p)-th order component of cogging torque, which pulsates (k·Z st /p) times per 360 electric degree, is predicted by the amplitude of the causal (k · Z st )-th order component of B 2 s (ϕ). The effectiveness of the proposed method was confirmed experimentally. The cross section of the verification motor is shown in Fig. 1(a) as a 1/4 model. The number of poles 2p is 32 and number of slots Z st is 36, which is sensitive to the asymmetry property of the magnetic poles. The magnetic flux density around the rotor in the open space B s (ϕ) is measured as shown in Fig. 1(b) , and then the rotor is set into the stator to measure the cogging torque.
The examples of the measured results are shown in Fig. 2 as the power spectrums. Fig. 2(a) shows the squared magnetic flux density around the rotor, and Fig. 2(b) shows the cogging torque. The 36th ) is about 1% of the fundamental 32nd component, and the 2.25th (= 36/16) component of the cogging torque is the maximum component among others. Fig. 3 shows the relationship between the 36th components of the squared magnetic flux density and the 2.25th component of the cogging torque for five sample motors. These are almost proportional, so if the proportional constant is decided beforehand, the amplitude of the 2.25th component of cogging torque in each motor can be predicted by measuring the magnetic flux density around the rotor. This paper examines the cogging torque of permanent magnet (PM) motors resulting from the asymmetry property of the magnetic poles. Starting from the theoretical analysis of motor internal magnetic energy, we indicate that the pulsation number per revolution of the above-mentioned cogging torque component can be expressed as the multiple of the number of slots. We show the condition that the above-mentioned cogging torque component is generated as the relation between the MMF spatial distribution mode and the motor design parameters; the number of poles and the number of slots.
We propose a motor quality prediction method from the viewpoint of the cogging torque resulting from the asymmetry property of the magnetic poles before the rotor is set into the stator-the magnetic flux density around the rotor is measured first, the measured value is squared, and then the componential analysis is made by DFT. The cogging torque amplitude is predicted by the content rate of the causal asymmetrical component. The effectiveness of the proposed method was confirmed experimentally. The verification motor has 32 poles and 36 slots, which is sensitive to the asymmetry property of the magnetic poles. 
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